Seventeen avian paramyxoviruses consisting of ten reference strains and seven recent isolates were classified by immunodiffusion into six species on the basis of the antigenic specificity of their M protein (MP) antigens. The species were represented by the following viruses. (1) Newcastle disease virus, (2) Chicken/California/ Yucaipa/56, (3) Turkey/Wisconsin/68, (4) Duck/Mississippi/75, (5) Pigeon/Otaru/ 76 and (6) Budgerigar/Kunitachi/1/74. The differences in the HN antigens between viruses which were classified into the same species on the basis of the antigenic specificity of their MP antigens, may provide a basis for classifying them into types.
INTRODUCTION
Avian paramyxoviruses have been distinguished by haemagglutination-inhibition (HI) and/or serum neutralization tests into four groups (McFerran et al., 1974) : NDV, Chicken/California/Yucaipa/56 (Yucaipa; Bankowski & Corsvet, 1961; Dinter et al., 1964) , Turkey/Wisconsin/68 (Ty/Wis; Tumova et al., 1979a) and Finch/N. Ireland/Bangor/73 (Bangor; McFerran et aL, 1973 McFerran et aL, , 1974 . In addition, a number of paramyxoviruses have been isolated from various species of birds, and several of them have been reported by HI tests to be distinct from the reference strains of the four groups. These have been designated Budgerigar/Kunitachi/1/74 (Kunitachi; Nerome et al., 1978) , Pigeon/Otaru/76 (P/Otaru; Kida & Yanagawa, 1979b) , Duck/Mississippi/75 (Dk/Mississippi; Webster et al., 1976; Kessler et al., 1979) , Duck/Hong Kong/75 (Shortridge & Alexander, 1978) and Finch/Hokkaido/2/78 (F/Hokkaido; Matsuoka et aL, 1980) . With the isolation of these distinct strains, it has become necessary to classify more precisely the avian paramyxoviruses.
In the genus Influenzavirus of family Orthomyxoviridae, the internal nucleoprotein (NP) antigens are stable and 'type'-specific, and provide a basis for the antigenic characterization of influenza viruses into influenza virus species A and B and a probable genus Influenzavirus C (Matthews, 1979) . The MP antigens of influenza viruses have also been shown to be 'type'-specific (Schild, 1972) and are useful as a means by which 'type' identification of influenza viruses can be made . Influenza virus species A has been divided further into 'subtypes' based on the antigenic character of their surface antigens, the haemagglutinin (H) and the neuraminidase (N) (WHO, 1971) . This recognized classification system has not yet been applied to the genus Paramyxovirus.
Immunodiffusion (ID) tests are useful for the classification and diagnostic serology of influenza viruses, because all of the antigens, including both the internal NP and MP antigens and the surface H and N antigens of the viruses, can be distinguished (Schild et al., 1971) . Furthermore, ID tests using antisera against H and N have been shown to be broadly reactive (Baker et al., 1973; Schild & Dowdle, 1975) and could detect the antigenic specificity of 0022-1317/81/0000-4284 $02.00 © 1981 SGM H. KIDA AND R. YANAGAWA influenza A viruses which could not be demonstratcd by HI and neuraminidase-inhibition (NI) tests Laver et al., 1974) . ID tests have, therefore, been recommendcd for the characterization of the NP antigen 'types' and the H and N antigen 'subtypes' of influenza viruses by WHO (1971) . Schild et al. (1980) havc made a comprehensive study of the influenza A virus surface antigens by employing ID tests with monospecific antisera against H and N, and they have presented a re-evaluation of the nomenclature of influenza A viruses. On the other hand, ID has been used only partially for the differentiation of paramyxoviruses (Pennington, 1978) .
Here we describe a classification of avian paramyxoviruscs by ID on the basis of the antigenic specificity of their MP antigens. (Kida & Yanagawa, 1979b; Matsuoka et al., 1980) . Duck/Hokkaido/1/77 (D 1), Duck/Hokkaido/4/77 (D4) and Duck/Hokkaido/6/77 (D6) were isolated in our laboratory from the recta of apparently healthy, wild free-flying ducks shot in Hokkaido in the autumn of 1977 (Kida & Yanagawa, 1979a) . Duck/Wakuya/19/77 (Wakuya), which was isolated from the cloacal samples of a feral duck shot in Miyagi Prefecture, Japan, in the autumn of 1977, was kindly provided by Dr N. Yamane (Department of Bacteriology, Faculty of Medicine, Tohoku University, Sendal, Japan).
METHODS

Viruses
The viruses were grown in the allantoic cavities, with the exception of Kunitachi which was grown in the amniotic cavities, of 10-to 11-day-old chick embryos for 2 to 4 days at 35 °C. Each virus was purifed by differential centrifugation and two successive sedimentations through a 10 to 50% sucrose gradient.
Antisera. Specific antisera against the viruses were prepared in 3-to 6-month-old chickens by two successive intramuscular injections with an adjuvant and an intravenous injection of purified and formalin-inactivated viruses at intervals of 2 weeks as described (Kida & Yanagawa, 1979 a) .
Immunodiffusion. Doubte-immunodiffusion (ID) tests were done on slides in 1% agar (Difco) gel containing 8.5 % NaC1 (Benedict et al., 1963) and 0.08% NaN 3. Antigens were obtained from purified virus suspensions containing 2 to 5 mg protein/ml after disruption with 1% Nonidet P-40 (NP-40; Shell) or from structural proteins isolated from the viruses. The diam. of the distance between each circular well was 3 mm. Antisera were added to the central wells, and antigens were added to the peripheral wells at a vol. of 25 ~tl. The slides were left at room temperature for 24 h and then photographed.
Protein. Protein measurements were done by the method of Lowry et al. (1951) with bovine serum albumin as the standard.
Isolation of structural proteins from the viruses. MP, NP and HN proteins were isolated from the purified viruses by the method of Scheid & Choppin (1973 disrupted with 2% Triton X-100 and 1 M-KC1, the suspension was centrifuged at 10000 g for 20 min, and the NP was obtained from the pellet. The supernatant was centrifuged at 200000 g for 60 min and the resulting supernatant was dialysed in order to remove the KCI and centrifuged at 10000 g for 20 min. MP was obtained from the pellet, and HN by the rate zonal sedimentation of the supernatant in a sucrose gradient.
Classification of avian paramyxoviruses (a) (b) (c) (d)
HN
Haemagglutination and haemagglutination-inhibition (HI) tests. These tests were per-
formed by microtitration in plastic trays as described (Kida & Yanagawa, 1979a) .
SDS-polyacrylamide gel electrophoresis (PAGE).
The procedures employed in the preparation of gels and electrophoresis followed the method of Weber et al. (1972) . The samples were dissociated with 1% SDS and 1% 2-mercaptoethanol, heated for 2 min in a boiling water bath, and then 10% glycerol and 0.005% bromophenol blue as a marker dye were added. The mixture was layered on a 7.5 % polyacrylamide gel of 100 mm length and 5 mm diam. containing 0.1% SDS. Electrophoresis was performed at 8 mA/gel for 5 h, and the gels were stained with 0.25 % Coomassie brilliant blue R-250.
R E S U L T S
A comparison of the PAGE pattern of the structural polypeptides of NDV strain Miyadera with the migration patterns of MP, HN and NP isolated from the same strain is shown in Fig.  1 . Each of the isolated proteins migrated identically with the corresponding structural polypeptides of the virus, indicating that they could be obtained in their pure form.
The results of ID tests of the antiserum against NDV strain Miyadera are shown in Fig. 2 . One common precipitin line appeared between the antiserum and the antigens of NP-40-treated NDV and D 1, which was nearest to the antiserum well, and the line completely fused to that formed by their MP. The HN protein isolated from NDV did not give this line; thus, it was clear that both strains possessed a common MP antigen. Another precipitin line was formed with the HN protein isolated from NDV and NP-40-treated NDV and D1, indicating that both strains shared a common HN antigen. A slight difference in HN antigens between NDV and D1 was also revealed by the spur formation; in addition, other faint precipitin lines were observed. The ID test results of anti-D 1 antiserum shown in Fig. 3 were similar to those presented in Fig. 2 . The NP fractions obtained from the viruses gave no precipitin reactions (Fig. 4) .
Reciprocal ID tests of antisera against six strains of NDV with NP-40-treated viruses were done. Fig. 5 and 6 show the ID tests of the antisera against strains Miyadera and Komarov respectively. The results obtained are summarized as follows: (i) MP antigen was common in these strains, and (ii) HN antigens of these strains were antigenically similar with a few, small differences.
NP-40-treated viruses other than NDV were examined by ID tests using anti-NDV strain Miyadera antiserum (Fig. 7) . The antigens of Ty/Wis, Dk/Mississippi, P/Otaru, Bangor and Yucaipa showed no precipitin reactions, which suggested that both of their MP and HN proteins were antigenically distinct from NDV.
Anti-Yucaipa antiserum was tested by ID with NP-40-treated Yucaipa, Bangor, P/Otaru, Dk/Mississippi, Ty/Wis and NDV (Fig. 8) , and with the MP and HN isolated from Yucaipa (Fig. 9 ). Yucaipa and Bangor possessed a common MP antigen, and Yucaipa also shared HN antigens common to those of Bangor and possessed HN antigens specific to Yucaipa. No cross-reactions with NDV, Ty/Wis, Dk/Mississippi and P/Otaru were observed. Anti-Bangor antiserum was then tested by ID with the same antigens as shown in Fig. 8 (Fig. 10) and the results were similar to those obtained in Fig. 8 . A close relationship between Yucaipa and Bangor was thus revealed, indicating that they probably belong to different types of the same species. The PAGE pattern of the structural polypeptides of Yucaipa compared with the migration patterns of the MP and H N protein isolated from the virus is shown in Fig. 11 . Each of the isolated proteins migrated identically with the corresponding structural polypeptides of the virus. A high tool. wt. polypeptide could be seen in the gel of whole virus which was also present in the gel of isolated H N protein (Fig. 11 a, c) . It is not known whether it is a contaminant or an aggregate of virus polypeptides which is usually observed under non-reducing conditions, but it was not present in the gel of isolated MP (Fig. 11 b) .
Anti-Ty/Wis and anti-F/Hokkaido antisera were tested by ID (Fig. 12 to 14) . Ty/Wis and F/Hokkaido were found to possess a common MP antigen, and they shared common H N antigen in addition to HN antigens specific to each virus. There were no cross-reactions of either virus with Dk/Mississippi, P/Otaru, Bangor, Yucaipa and NDV. Ty/Wis and F/Hokkaido were, therefore, considered to belong to different types of the same species.
Anti-P/Otaru antiserum formed no precipitin line with the other viruses (Fig. 15) . P/Otaru was thus found to be unique in its antigenicity of both MP and H N proteins (Fig. 15, 16) .
Anti-Dk/Mississippi antiserum formed no precipitin line with P/Otaru, Bangor, Yucaipa, N D V and Ty/Wis (Fig. 17) , and anti-D4 antiserum formed precipitin lines with Dk/Mississippi (Fig. 18) . D4, D6 and Wakuya were found to be identical to Dk/Mississippi in Fig. 12 to 14 . Immunodiffusion of chicken antisera against Turkey/Wisconsin/68 (As T) and Finch/Hokkaido/2/78 (As F) with the NP-40-treated viruses, and MP and HN fractions obtained from F/Hokkaido (F-MP) and Ty/Wis (T-HN) respectively. (Fig. 19) . It should be noted that the viruses which were isolated from the feral ducks at different places and at different times were antigenically identical.
Anti-Kunitachi antiserum formed no precipitin line with the other viruses (Fig. 20) , indicating that Kunitachi is antigenically unique.
Anti-HVJ of mammalian parainfluenza virus type 1 antiserum formed no precipitin line with avian paramyxoviruses, NDV, Ty/Wis, Dk/Mississippi, P / O t a r u and Yucaipa (Fig. 21) . (Alexander et al., 1979) but they were not identical in cross-HI tests (McFerran et al., 1974) . In our study they revealed a common MP antigen and common HN antigens in addition to HN antigens specific to each virus. The ID tests thus uncovered a close relationship between them, suggesting that they may be referred to as different types of the same species.
F/Hokkaido has been distinguished from known paramyxoviruses in cross-HI tests (Matsuoka et al., 1980) ; however, in the present ID tests Ty/Wis and F/Hokkaido possessed a common MP antigen and a common HN antigen as well as HN antigens specific to each virus. These, too, may be designated as different types of the same species.
Reciprocal ID tests of six strains of NDV showed that MP antigen was common, and that the HN antigens of the strains were very similar, although slight differences could be detected. Pennington (1978) has observed spur formations within NDV strains in ID tests, and has suggested that NDV possessed strain-specific antigens, but the virion components responsible for the precipitin line formation have not been characterized. From the results of the present study, the strain-specific antigens are considered to be HN proteins. Although it was shown that the NDV strains were closely related to each other, if necessary, they might be further divided into types on the basis of the antigenic specificity of their HN antigens.
The paramyxoviruses of duck origin which were isolated from feral ducks in Hokkaido and Tohoku districts in Japan in 1977, and one of those isolated in the U.s.A. in 1975, were antigenically identical. Alexander et al. (1979) have reported that Duck/Hong Kong/75, which was a representative strain of the viruses isolated from domestic ducks in Hong Kong from 1975 to 1976 (Shortridge & Alexander, 1978 , was closely related to the Dk/Mississippi isolates in HI and NI tests. These paramyxoviruses belonging to the species Dk/Mississippi are, therefore, considered to be widely distributed among ducks throughout the world. P/Otaru was isolated in our laboratory from the respiratory organs of a rock pigeon captured in Hokkaido in 1976 and it has been characterized as a new paramyxovirus by cross-HI tests (Kida & Yanagawa, 1979b) . In the present study the ID tests also showed that this virus was antigenically unique in both its MP and HN antigens.
Kunitachi was also shown to be antigenically unique in the present ID tests. The antigenic properties of NP of the viruses were not demonstrated in this study. Further investigations of the antigenic characterization of the NP of avian paramyxoviruses are in progress.
The use of specific anti-MP sera, which is desirable to confirm the finding of antigenic relationships and differences in the MP of the paramyxoviruses, has not been made, because it was difficult to prepare sufficient quantities of immunogens in sufficiently pure form from each virus.
On the basis of the present findings, we propose that the avian paramyxoviruses be first classified into species on the antigenic specificity of their internal MP antigens, and then be further divided into types or serotypes according to the antigenic character of their surface HN antigens. Under the proposed classification system, 17 avian paramyxoviruses examined by ID tests could be grouped into six species. Tumova et al. (1979b) reported that avian paramyxoviruses could, on serological grounds by HI, NI and complement-fixation (CF) tests, be classified initially into three or rather four types. Shortridge et al. (1980) and Alexander (1980) classified avian paramyxoviruses into six groups on the basis of the results obtained by HI and NI tests. These groupings appear to be basically identical to those of the present study. Finally, we expect that this classification system may also be applicable to other paramyxoviruses of mammalian origin.
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